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Molten Salt Synthesis and Characterization of
CuIn(1-x)GaxS2 (x ≤0.3) Nanoparticles
M. Benchikhi, R. El Ouatib, S. Guillemet-Fritsch, L. Er-Rakho, B. Durand
Abstract-Solid solutions CuIn(1-x)GaxS2 (x ≤ 0.3)were 
synthesized, with a yield of 70%, by reaction in molten 
KSCN at 400°C for 24h of CuCl2, InCl3 and GaCl3 with a 
ratio KSCN/Cu=15. The homogeneous solid solutions 
obtained are formed of nano-sized grains (70–100nm), 
with a specific surface area of 6.5 m2/g and a band gap 
between 1.5 and 1.8 eV. 
Keywords-Chalcogenide, morphology, Semiconductor,
Molten salt. 
I. INTRODUCTION
Chalcopyrite compounds, of general formula 
Cu(In,Ga)(S,Se)2,have been studied extensively in 
recent years [1-8] due to their applications as absorbers 
in solar cells[2-6], as well as for their use as 
photocatalysts [7]. These materials have a high 
absorption coefficient (greater than 104 cm-1) [8] and a 
direct band gap from 1.04 (CuInSe2) to 2.43 eV 
(CuGaS2) depending on their composition [9, 10].
Several studies have shown that the insertion of 
Ga in CuInSe2with contentbetween 25 and 35 molar %
allows obtaining the best photovoltaic efficiencies [5, 
6]. Hanna et al [10] showed that the defect density in 
CuIn(1-x)GaxSe2 is minimum at x = 0.3. Various reports 
have shown that the physical properties of CuIn(S,Se)2
could be improved by doping [4,9-14].
Many studies have shown that the morphology 
and the particle size may significantly affect the 
intrinsic properties of CuInS2 [15-17]. Numerous 
methods for the synthesis of Cu(In,Ga)(S,Se)2 have 
been developed, such as laser removal [18], sputtering 
[14], co-evaporation [13], electrodeposition [19], sol-
gel [20], spray pyrolysis[4,12], solvothermal [7] and
organometallic routes [21]. Recently, Benchikhi et al. 
[1,22] proposed a process route to the fabrication of 
ternary and quaternary chalcogenides by reaction in 
molten salts at 400°C. 
In this paper, we report a simple method for 
the preparation of CuIn(1-x)GaxS2 nanoparticles by 
reactions in molten salts. By analogy with CuIn(1-
x)GaxSe2, which have a minimum defect concentration
at x= 0.3[10], we have limited the domain of solid
solution at x =0.3.
II. EXPERIMENTAL
The solid solutions CuIn(1-x)GaxS2(x ≤0.3) were 
synthesized by molten salts method using the following 
reactants: Copper chloride dihydrate CuCl2.2H2O
(Aldrich, 99.8  %), indium chloride InCl3 (Aldrich, 99.9 
%) and gallium chloride GaCl3 (Aldrich, 99.9%). 
Potassium thiocyanate KSCN (Prolabo) was used both 
as solvent and sulfurizating agent. 
Figure 1 shows the schematic flow chart for the 
synthesis of CuIn(1-x)GaxS2(x ≤ 0.3) nanometric powders 
by reaction in molten KSCN. The metal salts are mixed 
in the desired stoichiometric ratio and added to KSCN 
in the molar ratio SCN/Cu=15. The precursors were 
heat treated at 400 °C for 24 h under nitrogen flow in a 
vertical furnace. The heating and the cooling rates were 
stated at 2°C/min. After cooling at room temperature, 
the sulfides were extracted from the excess of salts by 
washings in deionized water, absolute ethanol and 
finally dried at 60°C for 12h. The reaction yield reached 
70%. 
The black powders obtained at the end of the 
process were characterized by X-ray diffraction 
(Brucker AXS D4, λCuKα = 0.15418 nm), by scanning 
(JEOLJSM 6400), and transmission (JEOL2010) 
electron microscopies, specific surface area 
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measurement (BET) (Micrometrics FlowsorbII2300), 
Raman(JobinYvon Labram HR 800) and UV-
visible(UV-1601) spectroscopies. 
Figure 1. Flowchart of the synthesis of CuIn(1-x)GaxS2 (x ≤ 0.3) by 
reaction in molten KSCN 
III. RESULTS AND DISCUSSION
Structural characterization: The XRD patterns of
the powders obtained at 400 °C for 24 h are given in 
figure 2-a. For the gallium contents lower than 0.3, all 
the peaks can be indexed to the chalcopyrite phase 
CuInS2 (JCPDS 047-1372), no impuritie can be 
detected from this figure. The diffraction peaks shift 
slowly to the higher diffraction angle with increasing 
the gallium content. Lattice parameters (a and c) were 
determined for each composition by means of the 
Rietveld method.These lattice parameters decrease with 
the increase of Ga content (x) in the CuIn(1-x)GaxS2 (x ≤ 
0.3) series (table1). This shows that the solid solution 
CuIn(1-x)GaxS2 (x ≤ 0.3) is of substitution in which 
indium atoms are substituted by smalleratoms of 
gallium. 
TABLE1.LATTICE PARAMETERS AND BAND GAP (Eg) OF CuIn(1-
x)GaxS2(x≤ 0.3). 
x= Ga/(Ga+In) a (nm) c (nm) c/a Eg (eV)
x=0 0.5521 1.1097 2.0099 1.51
x=0.25 0.5479 1.0941 1.9969 1.67
x=0.3 0.5461 1.0881 1.9925 1.78
In addition to the XRD, Raman investigation was 
performed to fully characterize the samples. The 
spectrum of CuInS2 (x=0) powder (figure 2-b) exhibits 
a main peak close to 295 cm-1 and a shoulder close to 
314-315 cm-1. These peaks are attributed to the 
principal mode (A1) and secondary mode (B2/E) 
observed in the chalcopyrite phase [1]. The frequency 
of the main peak (A1) increases with Ga-content; this 
result is in good agreement with the literature [23].
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Figure 2. Structural characterization: (a) RXD patterns and (b) 
Raman spectra of CuIn(1-x)GaxS2 powders.
Mechanism of formation: various reactional 
mechanisms have been proposed for the formation of 
the metallic sulfide in molten KSCN [1, 22,24]. 
This mechanism involves several steps:melting of 
KSCN and dissolution of metal salts, then the reduction 
of Cu2+ by SCN- via reaction (1) and lastly the thermal 
decomposition of KSCN starting at 275°Cwith S and 
S2- formation via reactions (2) and (3)and  the formation 
of the chalcopyrite phase via reaction (4): 
Cu2+ + 2 SCN-= Cu+ + ½(CN)2 + SCN- + S   (1) 
SCN- = CN- + S       (2) 
2CN- + S =  S2- + (CN)2 (3) 
Washing and drying 
400°C /24h 
  Reaction mixture 
Black powder 
      metal chlorides  KSCN 
CuIn(1-x)GaxS2 
SCN/Cu=15 
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Cu++(1-x)In3++xGa3+ +2S2-=CuIn(1-x)GaxS2`      (4) 
 
Morphological characterization: The influence of 
the Ga-content on the morphology of powders was 
evaluated. SEMobservation of the CuInS2 and 
CuIn0,7Ga0.3S2 synthesized, by reaction in molten KSCN 
at 400°C, (Figure 3) shows aggregated particles of 
micronic size with a poly-disperse size distribution. 
Transmission electron microscopy (TEM) shows that 
these particles are constituted of nano-sized grains (70-
100 nm) with more or less elongated shape (Figure3). 
Table 2 gives the average size of primary particles of 
each composition as well as their specific surface area. 
 
 
 
Figure 3. Morphology: SEM micrographs of CuInS2 (a) and CuIn0,7Ga0,3S2 (b).TEM micrographs of CuInS2 (c) and CuIn0,7Ga0,3S2 (d). 
 
Powders are constituted of relatively spherical 
particles.We calculated, from the specific surface area, 
the particle size (D) according the following equation 
(5): 
    D = 6 / (ρ S)                                                (5) 
Whereρ is the densityand S the specific surface 
area. The determined values are given in table 2. 
According to these results, we can deduce that the Ga-
content has no significant influence on the nanoparticles 
morphology. 
TABLE2. SIZES OF PARTICLES OF CuIn(1-x)GaxS2(x=0 and x=0.3) 
OBTAINED BY REACTION IN MOLTEN KSCN. 
x=Ga/(Ga+In) Grain size 
MET (nm) 
S  (m2/g) Grain size 
BET (nm) 
x=0 80-100 6.0 205 
x=0.3 70-100 6.5 195 
 
Measurement of the band gap Eg: The fundamental 
absorption (Eg) corresponds to the excitation of 
electrons from the valence band to the conduction band. 
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Optical absorption can be used to determine the optical 
band gap. 
CuIn(1-x)GaxS2are direct band gap 
materials[9,10].Their absorption coefficient (α) is 
related to the incident photon energy (hʋ) by the 
following equation (6) [25]: 
(α hʋ) = A(hʋ –Eg)1/2(6)   
Where A is a constant, Eg is the band gap and hʋ 
the energy of the incident photons (eV).The optical 
band gap Eg is determined by the intersection of the 
linear part of the curve (αhʋ)2 versus hʋ (Figure 4). The 
values obtained show that Eg increases with the gallium 
content (table 1).This is in agreement with the previous 
experimental investigations[4,9]. 
 
Figure 4. Plot of (αhʋ)2 versus (hʋ) for CuIn(1-x)GaxS2 (x≤ 0.3) 
samples 
 
IV. CONCLUSION 
Solid solutions CuIn(1-x)GaxS2 (x ≤ 0.3) were 
synthesized by reaction in a molten KSCN at 400°C for 
24 h with the ratio KSCN/Cu=15. We have employed 
XRD, and Raman spectroscopy to confirm that the 
galliumis successfully incorporated into the 
chalcopyrite crystal structure (I-42d).The powders 
obtained are constituted of primary crystallites with 
sizes in the range 70–100 nm and exhibits a specific 
surface area close to 6.5 m2/g. The optical band gap has 
increased from 1.51 to 1.79 eV with increasing Ga 
concentrations from 0 to 0.3. 
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